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(g) Method of polishing silicon-based optical waveguides. 



(57) A method is disclosed for simultaneously cut- 
ting a silicon wafer containing optical 
waveguides and polishing the endfaces of the 
waveguides. Utilizing a resinoid diamond saw 
operating at an appropriate feet rate and revolu- 
tion speed, a single cut will both dice apart the 
wafer and suitably polish the exposed 
waveguide endfaces exposed during the dicing. 
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Background of the Invention 

Technical Field 

The present invention relates to a method of pol- 
ishing silicon-based optical waveguides and, more 
particularly, to a one-step method for both dicing the 
silicon wafer and polishing the waveguide endfaces. 

Description of the Prior Art 

Optical waveguide devices have recently been 
gaining interest as a means of providing numerous 
functions on a silicon substrate, including polarization 
splitting, wavelength multiplexing, and power split- 
ting. An exemplary silicon-based optical waveguide 
structure is disclosed in U. S. Patent 4,902,086 is- 
sued to C. H. Henry et al. on February 20, 1990. In a 
preferred embodiment, an optical waveguide com- 
prises a core portion on a first cladding layer, the wa- 
veguide having a smoothed surface or core-cladding 
interface with an overlying second cladding layer. Re- 
sulting waveguide structures can be made in a close- 
ly-spaced, side-by-side relationship, as is desirable 
for lateral (evanescent-field) coupling between wave- 
guides. It has been noted that one of the time- 
consuming, and therefore costly, steps in producing 
such a device is the polishing of the waveguide en- 
dfaces. A conventional polishing technique may re- 
quire a second piece of glass epoxied to the substrate 
surface, where the epoxy must have an appropriate 
refractive index so as not to attenuate the signal with- 
in the waveguide. The wafer with the protective glass 
cover is then diced to separate the wafer into individ- 
ual substrate sections. Each separate section is sub- 
sequently placed into a conventional grinding/polish- 
ing fixture to polish the waveguide endfaces. Each 
separate substrate must be processed twice to polish 
both endfaces. The throughput on finished, polished 
substrates is thus limited by this prior art polishjng 
process. 

Summary of the Invention 

The limitation of the prior art is addressed by the 
present invention which relates to a method of dicing 
and polishing silicon-based optical waveguides and, 
more particularly, to a one-step method for simulta- 
neously dicing the wafer and polishing the waveguide 
endfaces. 

In an exemplary process of the present invention, 
a silicon wafer containing optical waveguides is 
mounted on an adhesive structure and simultaneous- 
ly diced and polished using a resinoid diamond blade 
running at an appropriate feet rate (e.g., inches/sec- 
ond) and speed (e.g, RPM). A single throughout util- 
izing the resinoid diamond blade has been found to 
provide reasonably polished endfaces for the wave- 



guides. 

An advantage of the technique of the present in- 
vention is that a standard three-step process (dicing, 
grinding and polishing the first endface; dicing, grind- 

5 ing and polishing the second endface) is replaced 
with a single dice/polish operation. The replacement 
results in significantly reducing the time required to 
provided polished endfaces, thus maximizing wafer 
throughput on the manufacturing line. 

10 Other and further advantages of the present in- 
vention will become apparent during the course of the 
following discussion and by reference to the accom- 
panying drawings. 

15 Brief Description of the Drawing 

Referring now to the drawings, 
FIG. 1 illustrates, in a cross-sectional view, an ex- 
emplary silicon-based optical waveguiding struc- 

20 ture; 

FIG. 2 illustrates an exemplary silicon wafer in- 
cluding a plurality of optical waveguides, with the 
dicing/polishing locations noted; and 
FIG. 3 is a graph of insertion loss data comparing 

25 waveguide structures formed using the prior art 
three-step process with the novel one-step 
dice/polish operation of the present invention. 

Detailed Description 

30 

FIG. 1 illustrates in a cut-away view an exemplary 
silicon- based waveguide structure which may be 
diced/polished in accordance with the technique of 
the present invention. The structure includes a silicon 

35 wafer 10 and a relatively thick interface layer 12 dis- 
posed over the surface thereof. In one embodiment, 
interface layer 1 2 may comprise a high pressure ther- 
mal oxide. A first cladding layer 14, comprising phos- 
phorous-doped TEOS, is formed to cover interface 

40 layer 12. Waveguide region 16 is formed as shown in 
FIG. 1 , where region 16 comprises a material, for ex- 
ample, phosphosilicate glass (PSG), with a higher re- 
fractive index than first cladding layer 14. A second 
cladding layer 1 8 is then formed to cover waveguide 

45 region 16. In order for the optica! signal propagating 
along waveguide region 16 to be constrained within 
the guiding area, the refractive index of region 16 
must be greater than the refractive index of both first 
and second cladding layers 14, 18. 

so In the fabrication of devices such as that shown 

in FIG. 1, a relatively large silicon wafer is processed 
to form a predetermined number of optical waveguid- 
ing substrates. Utilizing conventional silicon process- 
ing techniques, the wafer is subjected to a number of 

55 fabrication steps to form the required layers (e.g., 
thermal oxidation, deposition). In the prior art con- 
ventional process of forming an optical waveguide- 
containing substrate, the wafer, as shown in FIG. 2, 
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would be diced along lines A-A to separate the wafer 
into separate substrates. It is to be understood that 
only a few such lines are indicated on FIG. 2, for the 
sake of clarity. Subsequent to the dicing operation of 
the prior art, the individual waveguide endfaces, de- 
noted 20 and 22, would be individually ground and 
optically polished, the conventional polishing step be- 
ing performed twice (once for each endface of the wa- 
veguide). 

In accordance with the teachings of the present 
invention, the above-described dicing and polishing 
operations are replaced with a single step which si- 
multaneously dices the wafer into separate sub- 
strates and polishes all the exposed waveguide en- 
dfaces. In particular, a silicon wafer containing the 
optical waveguides is mounted on an adhesive sur- 
face which may be cut into, but will hold the wafer es- 
sentially montionless. The wafer is subsequently cut, 
along lines A-A and B-B, utilizing a resinoid diamond 
blade where, advantageously, the resinoid blade is 
self-sharpening. It has been discovered that when the 
wafer is cut with the resinoid diamond blade operat- 
ing at a suitable feet rate and speed of revolution, the 
endfaces of the waveguides formed as a result of the 
cut will be polished to a surface acceptable for most 
applications. In practice, feet rates varying from ap- 
proximately 0.03 inch/second to 0.10 inch/second, 
and speeds varying from approximately 18,000 RPM 
to 35,000 RPM have been found acceptable. 

EXAMPLE 



slightly greater, ranging from a value of approximately 
2dB (for a 3 micron wide waveguide) to approximately 
1.2dB (for an 8 micron wide waveguide). 

5 

Claims 

1. In the fabrication of silicon-based optical wave- 
guides, a method of finishing the waveguide 
10 structure comprising the steps of: 

a) providing a silicon wafer (10) including a 
plurality of optical waveguides (16) formed 
therein; 

b) cutting said silicon wafer into a plurality of 
15 separate devices utilizing a resinoid diamond 

saw operating at a predetermined feet rate 
and revolution speed for forming waveguide 
endfaces (20,22) of an acceptable quality. 

20 2. The method of claim 1 wherein in performing step 
b), the feet rate is within the range of approxi- 
mately 0.03 inch/second to approximately 0. 10 
inch/second. 

25 3. The method of claim 1 wherein in performing step 
b), the saw speed is within the range of approxi- 
mately 18,000 revolutions per minute to approxi- 
mately 35,000 revolutions per minute. 

30 4. The method of claim 1 , wherein in performing 
step b), the resinoid diamond saw is operated at 
a speed of approximately 30,000 revolutions per 
minute and a feet rate of 0.05 inch per second. 



A silicon wafer was mounted on a thick plastic 
tape which as then mounted onto a chuck surface and 
held in place by means of a vacuum. A wide resinoid 35 
9um diamond blade was used, running at a speed of 
approximately 30,000 revolutions per minute (e.g., 
RPM) and progessing through the wafer at a rate of 
approximately 0.05 inch per second. 

A comparison of the endface quality of wave- 40 
guides polished utilizing the one-step approach of the 
present invention with the standard dicing/polishing 
operations are illustrated in FIG. 3. FIG. 3 is a graph 
of insertion loss along an exemplary device including 
an input fiber, optical waveguide, and output fiber. In- 45 
sertion loss is defined as the ratio of the power (in dB) 
coming from the output fiber to the light coupled into 
the input fiber. The total insertion loss, therefore, in- 
cludes the propagation loss through the optical wa- 
veguide plus two fiber-waveguide coupling inter fac- so 
es. The graph of FIG. 3 includes values for wave- 
guides ranging in core waveguide width from 3 mi- 
crons to 8 microns. As shown, insertion loss for a con- 
ventional three-step diced/polished waveguide rang- 
es from a value of about 1.5dB for a 3 micron width 55 
waveguide to about 1.0dB for an 8 micron width wa- 
veguide. Utilizing the simultaneous dice/polish oper- 
ation of the present invention, the insertion loss is 
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FIG. 1 




FIG. 2 
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6 Effect of floor hardness (new information not 
included in HSG156 pages 15 and 16 on selection of flooring) 

The most commonly used and accepted measure of 
surface roughness is Rtm - the mean of several peak-to- 
valley height measurements (Rt - see Figure 1). This 
measure is simple, quick, and a good indicator of floor 
slip resistance. 

It has recently been shown that floor surface Rtm 
roughness levels of at least 20 pm (eg 30 pm) are 
required to enhance the slip-resistance of hard floor 
materials (eg ceramics, concrete) in water-wet 
conditions. This figure may be reduced slightly when 
considering soft flooring materials (eg vinyl, linoleum). 




Figure 1 Floor surface roughness profile 



References and further reading 

1 Slips and trips - Guidance for the food processing 
industry HSG156 HSE Books ISBN 0 7176 0832 8 

Slips and trips: Summary guidance for the food 
industry HSE Food Sheet 6 HSE Books 

2 The Measurement of Floor Slip Resistance: 
Guidelines Recommended by the UK Slip 
Resistance Group 1996 RAPRA Technology Ltd., 
Shawbury, Shropshire SY4 4NR 

HSE priced and free publications are available by mail 
order from HSE Books, PO Box 1999, Sudbury, Suffolk 
CO10 6FS Tel: 01787 881165 Fax: 01787 313995. 

HSE priced publications are also available from good 
booksellers. 

For other enquiries ring HSE's InfoLine Tel: 0541 
545500, or write to HSE's Information Centre, Broad 
Lane, Sheffield S3 7HQ. 



This guidance is issued by the Health and Safety Executive. 
Following the guidance is not compulsory and you are free to 
take other action. But if you do follow the guidance you will 
normally be doing enough to comply with the law. Health and 
safety inspectors seek to secure compliance with the law and 
may refer to this guidance as illustrating good practice. 



This publication may be freely reproduced, except for 
advertising, endorsement or commercial purposes. The 
information it contains is current at 5/99. Please 
acknowledge the source as HSE. 
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